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ABSTRACT 


Nine  firings  of  the  J-2  rocket  engine  were  conducted  in  Test  Cell  J-4 
of  the  Arnold  Engineering  Development  Center,  Large  Rocket  Facility, 
during  test  periods  J4-1801-21  and  22.  The  firings  were  accomplished 
at  pressure  altitudes  ranging  from  95,  000  to  112,  000  ft  at  engine  start. 
The  objectives  of  these  tests  were  to  investigate  S-II/S-V  start  condition 
effects  on  engine  start,  gas  generator  ignition  characteristics,  and  fuel 
pump  operation.  Engine  thermal  condition  extremes  for  S-II  flight  con¬ 
figuration  were  duplicated.  Satisfactory  engine  operation  was  obtained. 
Accumulated  firing  duration  was  111.6  sec. 
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SECTION  I 
INTRODUCTION 


Testing  of  the  Rocketdyne  J-2  rocket  engine  using  an  S-IVB  battle¬ 
ship  stage  has  been  in  progress  since  July  1966  at  AEDC  in  support  of 
the  J-2  engine  application  on  the  Saturn  IB  and  Saturn  V  launch  vehicles 
for  the  NASA  Apollo  Program.  The  nine  firings  reported  herein  were 
conducted  during  test  periods  J4-1801-21  and  22  on  December  21,  1967, 
and  January  4,  1968,  in  Propulsion  Engine  Test  Cell  (J-4)  (Figs.  1 
and  2,  Appendix  I)  of  the  Large  Rocket  Facility  (LRF)  to  investigate 
J-2  engine  S-II/S-V  start  condition  effects  on  engine  start,  gas  gener¬ 
ator  ignition  characteristics,  and  fuel  pump  operation  characteristics 
during  start  tank  discharge.  These  firings  were  accomplished  at  pres¬ 
sure  altitudes  ranging  from  95,  000  to  112,  000  ft  (geometric  pressure 
altitude,  Z,  Ref.  1)  at  engine  start,  with  predicted  thermal  conditions 
for  S-II  start. 

Data  collected  to  accomplish  the  test  objectives  are  presented 
herein.  The  results  of  the  previous  test  period  are  presented  in  Ref.  2. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2  rocket  engine  (Fig.  3)  designed  and 
developed  by  Rocketdyne  Division  of  North  American  Aviation,  Inc. 

The  engine  uses  liquid  oxygen  and  liquid  hydrogen  as  propellants  and 
has  a  thrust  rating  of  230,  000  lbf  at  an  oxidizer-to-fuel  mixture  ratio 
of  5.  5.  An  S-IVB  battleship  stage  was  used  to  supply  propellants  to  the 
engine.  A  schematic  of  the  battleship  stage  is  presented  in  Fig.  4. 

Listings  of  major  engine  components  and  engine  orifices  for  this 
test  period  are  presented  in  Tables  I  and  II,  respectively  (Appendix  II). 
All  engine  modifications  and  component  replacements  performed  since 
the  previous  test  period  are  presented  in  Tables  III  and  IV,  respectively. 

2.1.1  J-2  Rocket  Engine 


The  J-2  rocket  engine  (Figs.  3  and  5,  Ref.  3)  features  the  following 
major  components: 
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1.  Thrust  Chamber  -  The  tubular -walled,  bell -shaped  thrust 
chamber  consists  of  an  18.  6-in.  -diam  combustion  chamber 
(8.  0  in.  long  from  the  injector  mounting  to  the  throat  inlet) 
with  a  characteristic  length  (L*)  of  24.  6  in. ,  a  170.  4-in.^ 
throat  area,  and  a  divergent  nozzle  with  an  expansion  ratio  of 
27.  1.  Thrust  chamber  length  (from  the  injector  flange  to  the 
nozzle  exit)  is  107  in.  Cooling  is  accomplished  by  the  circula¬ 
tion  of  engine  fuel  flow  downward  from  the  fuel  manifold  through 
180  tubes  and  then  upward  through  360  tubes  to  the  injector. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric -orificed 
(concentric  fuel  orifices  around  the  oxidizer  post  orifices), 
porous -faced  injector.  Fuel  and  oxidizer  injector  orifice  areas 
are  25.0  and  16.  0  in.^,  respectively.  The  porous  material, 
forming  the  injector  face,  allows  approximately  3.  5  percent  of 
total  fuel  flow  to  transpiration  cool  the  face  of  the  injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter  unit  is 
mounted  on  the  thrust  chamber  injector  and  supplies  the  initial 
energy  source  to  ignite  propellants  in  the  main  combustion 
chamber.  The  augmented  spark  igniter  chamber  is  an  integral 
part  of  the  thrust  chamber  injector.  Fuel  and  oxidizer  are  ig¬ 
nited  in  the  combustion  area  by  two  spark  plugs. 

4.  Fuel  Turbopump  -  The  turbopump  is  composed  of  a  two-stage 
turbine-stator  assembly,  an  inducer,  and  a  seven-stage  axial- 
flow  pump.  The  pump  is  self -lubricated  and  nominally  produces, 
at  rated  conditions,  a  head  rise  of  38,  215  ft  (1248  psia)  of  liquid 
hydrogen  at  a  flow  rate  of  8585  gpm  for  a  rotor  speed  of 

27,  265  rpm. 

5.  Oxidizer  Turbopump  -  The  turbopump  is  composed  of  a  two- 
stage  turbine-stator  assembly  and  a  single-stage  centrifugal 
pump.  The  pump  is  self-lubricated  and  nominally  produces,  at 
rated  conditions,  a  head  rise  of  2170  ft  (1107  psia)  of  liquid 
oxygen  at  a  flow  rate  of  2965  gpm  for  a  rotor  speed  of  8688  rpm. 

6.  Gas  Generator  -  The  gas  generator  consists  of  a  combustion 

■  chamber  containing  two  spark  plugs,  a  pneumatically  operated 
control  valve  containing  oxidizer  and  fuel  poppets,  and  an  in-  ■ 
jector  assembly.  The  oxidizer  and  fuel  poppets  provide  a  fuel 
lead  to  the  gas  generator  combustion  chamber.  The  high  energy 
gases  produced  by  the  gas  generator  are  directed  to  the  fuel 
turbine  and  then  to  the  oxidizer  turbine  (through  the  turbine 
crossover  duct)  before  being  exhausted  into  the  thrust  chamber 
at  an  area  ratio  (A /At)  of  approximately  11. 
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7.  Propellant  Utilization  Valve  -  The  motor -driven  propellant 
utilization  valve  is  mounted  on  the  oxidizer  turbopump  and  by¬ 
passes  liquid  oxygen  from  the  discharge  to  the  inlet  side  of  the 

•  pump  to  vary  engine  mixture  ratio. 

8.  Propellant  Bleed  Valves  -  The  pneumatically  operated  fuel  and 
oxidizer  bleed  valves  provide  pressure  relief  for  the  boiloff  of 

1  propellants  trapped  between  the  battleship  stage  prevalves  and 
main  propellant  valves  at  engine  shutdown. 

9.  Integral  Hydrogen  Start  Tank  and  Helium  Tank  -  The  integral 
tanks  consist  of  a  7258-in. ^  sphere  for  hydrogen  with  a 

1000 -in. ^  sphere  for  helium  located  within  it.  Pressurized 
gaseous  hydrogen  in  the  start  tank  provides  the  initial  energy 
1  source  for  spinning  the  propellant  turbopumps  during  engine 

1  start.  The  helium  tank  provides  a  helium  pressure  supply  to 
the  engine  pneumatic  control  system. 

10.  ■  Oxidizer  Turbine  Bypass  Valve  -  The  pneumatically  actuated 

oxidizer  turbine  bypass  valve  provides  control  of  the  fuel 
turbine  exhaust  gases  directed  to  the  oxidizer  turbine  in  order 
to  control  the  oxidizer-to-fuel  turbine  spinup  relationship.  The 
fuel  turbine  exhaust  gases  that  bypass  the  oxidizer  turbine  are 
discharged  into  the  thrust  chamber. 

11.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a  pneumatically 
actuated,  two-stage,  butterfly-type  valve  located  in  the  oxidizer 
high  pressure  duct  between  the  turbopump  and  the  main  injector. 
The  first -stage  actuator  positions  the  main  oxidizer  valve  at 

the  14-deg  position  to  obtain  initial  thrust  chamber  ignition;  the 
second -stage  actuator  ramps  the  main  oxidizer  valve  full  open 
to  accelerate  the  engine  to  main- stage  operation. 

12.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically 

■  actuated  butterfly -type  valve  located  in  the  fuel  high  pressure 
duct  between  the  turbopump  and  the  fuel  manifold. 

13.  Pneumatic  Control  Package  -  The  pneumatic  control  package 
controls  all  pneumatically  operated  engine  valves  and  purges. 

14.  Electrical  Control  Assembly  -  The  electrical  control  assembly 
provides  the  electrical  logic  required  for  proper  sequencing  of 
engine  components  during  operation. 

15;  Primary  and  Auxiliary  Flight  Instrumentation  Packages  -  The 
instrumentation  packages  contain  sensors  required  to  monitor 
critical  engine  parameters.  The  packages  provide  environ¬ 
mental  control  for  the  sensors. 
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2.1.2  S-IVB  Battleship  Stage 


The  S-IVB  battleship  stage  is  approximately  22  ft  in  diameter  and 
49  ft  long  and  has  a  maximum  propellant  capacity  of  46,  000  lb  of  liquid 
hydrogen  and  199,  000  lb  of  liquid  oxygen.  The  propellant  tanks,  fuel 
above  oxidizer,  are  separated  by  a  common  bulkhead.  Propellant  pre¬ 
valves,  in  the  low  pressure  ducts  (external  to  the  tanks)  interfacing  the 
stage  and  the  engine,  retain  propellant  in  the  stage  until  being  admitted 
into  the  engine  to  the  main  propellant  valves  and  serve  as  emergency 
engine  shutoff  valves.  Propellant  recirculation  pumps  in  both  fuel  and 
oxidizer  tanks  are  utilized  to  circulate  propellants  through  the  low  pres¬ 
sure  ducts  and  turbopumps  before  engine  start  to  stabilize  hardware 
temperatures  near  normal  operating  levels  and  to  prevent  propellant 
temperature  stratification.  Vent  and  relief  valve  systems  are  provided 
for  both  propellant  tanks . 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by 
facility  systems  using  hydrogen  and  helium,  respectively,  as  the  pres¬ 
surizing  gases.  The  engine-supplied  gaseous  hydrogen  and  gaseous 
oxygen  for  fuel  and  oxidizer  tank  pressurization  during  S-II  flight  were 
routed  to  the  respective  facility  venting  systems. 


2.2  TEST  CELL 

Test  Cell  J-4,  Fig.  2,  is  a  vertically  oriented  test  unit  designed 
for  static  testing  of  liquid -propellant  rocket  engines  and  propulsion  sys¬ 
tems  at  pressure  altitudes  of  100,  000  ft.  The  basic  cell  construction 
provides  a  1.  5-million-lbf-thrust  capacity.  The  cell  consists  of  four 
major  components  (1)  test  capsule,  48  ft  in  diameter  and  82  ft  in  height, 
situated  at  grade  level  and  containing  the  test  article;  (2)  spray  chamber, 
100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the  test 
capsule  to  provide  exhaust  gas  cooling  and  dehumidification;  (3)  coolant 
water,  steam,  nitrogen  (gaseous  and  liquid),  hydrogen  (gaseous  and 
liquid),  and  liquid  oxygen  and  gaseous  helium  storage  and  delivery  sys¬ 
tems  for  operation  of  the  cell  and  test  article;  and  (4)  control  building, 
containing  test  article  controls,  test  cell  controls,  and  data  acquisition 
equipment.  Exhaust  machinery  is  connected  with  the  spray  chamber  and 
maintains  a  minimum  test  cell  pressure  before  and  after  the  engine  firing 
and  exhausts  the  products  of  combustion  from  the  engine  firing.  Before 
a  firing,  the  facility  steam  ejector,  in  series  with  the  exhaust  machinery, 
provides  a  pressure  altitude  of  100,  000  ft  in  the  test  capsule.  A  detailed 
description  of  the  test  cell  is  presented  in  Ref.  4. 
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The  battleship  stage  and  the  J-2  engine  were  oriented  vertically 
downward  on  the  centerline  of  the  diffuser-steam  ejector  assembly. 

This  assembly  consisted  of  a  diffuser  duct  (20  ft  in  diameter  by  150  ft 
in  length),  a  centerbody  steam  ejector  within  the  diffuser  duct,  a  dif¬ 
fuser  insert  (13.  5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to  the 
diffuser  duct,  and  a  gaseous  nitrogen  annular  ejector  above  the  diffuser 
insert.  The  diffuser  insert  was  provided  for  dynamic  pressure  recovery 
of  the  engine  exhaust  gases  and  to  maintain  engine  ambient  pressure  alti¬ 
tude  (attained  by  the  steam  ejector)  during  the  engine  firing.  The  annular 
ejector  was  provided  to  suppress  steam  recirculation  into  the  test  cap¬ 
sule  during  steam  ejector  shutdown.'  The  test  cell  was  also  equipped 
with  (1)  a  gaseous  nitrogen  purge  system  for  continuously  inerting  the 
normal  air  in-leakage  of  the  cell,  (2)  a  gaseous  nitrogen  repressuriza¬ 
tion  system  for  raising  test  cell  pressure,  after  engine  cutoff,  to  a  level 
equal  to  spray  chamber  pressure  and  for  rapid  emergency  inerting  of 
the  capsule,  and  (3)  a  spray  chamber  liquid  nitrogen  supply  and  distribu¬ 
tion  manifold  for  initially  inerting  the  spray  chamber  and  exhaust  duct¬ 
ing  and  for  increasing  the  molecular  weight  of  the  hydrogen-rich  exhaust 
products. 

An  engine  component  conditioning  system  was  provided  for  tem¬ 
perature  conditioning  engine  components.  The  conditioning  system 
utilized  a  liquid  hydrogen -helium  heat  exchanger  to  provide  cold  helium 
gas  for  component  conditioning.  Engine  components  requiring  tempera¬ 
ture  conditioning  were  the  thrust  chamber,  crossover  duct,  main 
oxidizer  valve  second-stage  actuator,  and  start  tank  discharge  valve 
opening  control  line.  Helium  was  routed  internally  through  the  cross¬ 
over  duct  and  thrust  chamber,  and  externally  over  other  components. 


2.3  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage, 
and  facility  parameters.  The  engine  instrumentation  was  comprised  of 
(1)  flight  instrumentation  for  the  measurement  of  critical  engine  param¬ 
eters  and  (2)  facility  instrumentation  which  was  provided  to  verify  the 
flight  instrumentation  and  to  measure  additional  engine  parameters.  The 
flight  instrumentation  was  provided  and  calibrated  by  the  engine  manu¬ 
facturer;  facility  instrumentation  was  initially  calibrated  and  periodically 
recalibrated  at  AEDC.  Appendix  III  contains  a  list  of  all  measured  test 
parameters  and  the  locations  of  selected  sensing  points. 

Pressure  measurements  were  made  using  strain-gage-type  pres¬ 
sure  transducers.  Temperature  measurements  were  made  using 
resistance  temperature  transducers  and  thermocouples.  Oxidizer  and 
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fuel  turbopump  shaft  speeds  were  sensed  by  magnetic  pickup.  Fuel  and 
oxidizer  flow  rates  to  the  engine  were  measured  by  turbine-type  flow¬ 
meters  which  are  an  integral  part  of  the  engine.  The  propellant  recir¬ 
culation  flow  rates  were  also  monitored  with  turbine -type  flowmeters. 
Vibrations  were  measured  by  accelerometers  mounted  on  the  oxidizer 
injector  dome  and  on  the  turbopumps.  Primary  engine  and  stage  valves 
were  instrumented  with  linear  potentiometers  and  limit  switches. 

The  data  acquisition  systems  were  calibrated  by  (1)  precision  elec¬ 
trical  shunt  resistance  substitution  for  the  pressure  transducers  and 
resistance  temperature  transducer  units,  (2)  voltage  substitution  for  the 
thermocouples,  (3)  frequency  substitution  for  shaft  speeds  and  flow¬ 
meters,  and  (4)  frequency-voltage  substitution  for  accelerometers. 

The  types  of  data  acquisition  and  recording  systems  used  during 
this  test  period  were  (1)  a  multiple-input  digital  data  acquisition  system 
(MicroSADIC®)  scanning  each  parameter  at  40  samples  per  second  and 
recording  on  magnetic  tape,  (2)  single-input,  continuous -recording  FM 
systems  recording  on  magnetic  tape,  (3)  photographically  recording 
galvanometer  oscillographs,  (4)  direct -inking,  null-balance  potentiometer - 
type  X-Y  plotters  and  strip  charts,  and  (5)  optical  data  recorders.  Appli¬ 
cable  systems  were  calibrated  before  each  test  (atmospheric  and  altitude 
calibrations).  Television  cameras,  in  conjunction  with  video  tape  re¬ 
corders,  were  used  to  provide  visual  coverage  during  an  engine  firing, 
as  well  as  for  replay  capability  for  immediate  examination  of  unexpected 
events . 


2.4  CONTROLS 

Control  of  the  J-2  engine,  battleship  stage,  and  test  cell  systems 
during  the  terminal  countdown  was  provided  from  the  test  cell  control 
room.  A  facility  control  logic  network  was  provided  to  interconnect  the 
engine  control  system,  major  stage  systems,  the  engine  safety  cutoff 
system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer.  A 
schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6.  The 
sequence  of  engine  events  for  a  normal  start  and  shutdown  is  presented 
in  Figs.  7a  and  b.  Two  control  logics  for  sequencing  the  stage  pre¬ 
valves  and  recirculation  systems  with  engine  start  for  simulating  engine 
flight  start  sequences  are  presented  in  Figs.  7c  and  d. 
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Preoperational  procedures  were  begun  several  hours  before  the 
test  period.  All  consumable  storage  systems  were  replenished,  and 
engine  inspections,  leak  checks,  and  drying  procedures  were  conducted. 
Propellant  tank  pressurants  and  engine  pneumatic  and  purge  gas  samples 
were  taken  to  ensure  that  specification  requirements  were  met.  Chemi¬ 
cal  analysis  of  propellants  was  provided  by  the  propellant  suppliers. 
Facility  sequence,  engine  sequence,  and  engine  abort  checks  were  con¬ 
ducted  within  a  24-hr  time  period  before  an  engine  firing  to  verify  the 
proper  sequence  of  events.  Facility  and  engine  sequence  checks  con¬ 
sisted  of  verifying  the  timing  of  valves  and  events  to  be  within  specified 
limits;  the  abort  checks  consisted  of  electrically  simulating  engine  mal¬ 
functions  to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal. 

A  final  engine  sequence  check  was  conducted  immediately  preceding  the 
test. period. 

Oxidizer  dome,  gas  generator  oxidizer  injector,  and  thrust  chamber 
jacket  purges  were  initiated  before  evacuating  the  test  cell.  After  com¬ 
pletion  of  instrumentation  calibrations  at  atmospheric  conditions,  the  test 
cell  was  evacuated  to  approximately  0.5  psia  with  the  exhaust  machinery, 
and  instrumentation  calibrations  at  altitude  conditions  were  conducted. 
Immediately  before  loading  propellants  on  board  the  vehicle,  the  cell  and 
exhaust -ducting  atmosphere  was  inerted.  At  this  same  time,  the  cell 
nitrogen  purge  was  initiated  for  the  duration  of  the  test  period,  except 
for  the  engine  firing.  The  vehicle  propellant  tanks  were  then  loaded, 
and  the  remainder  of  the  terminal  countdown  was  conducted.  Tempera¬ 
ture  conditioning  of  the  various  engine  components  was  accomplished 
as  required,  using  the  facility -supplied  engine  component  conditioning 
system.  Engine  components  that  required  temperature  conditioning 
were  the  thrust  chamber,  the  crossover  duct,  start  tank  discharge  valve 
opening  control  line,  and  main  oxidizer  valve  second-stage  actuator. 
Table- V  presents  the  engine  purges  and  thermal  conditioning  operations 
during  the  terminal  countdown  and  immediately  following  the  engine 
firing. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  TEST  SUMMARY 

Eight  engine  firings,  and  one  engine  start  with  cutoff  400  msec 
after  the  main-stage  control  solenoid  was  energized,  were  conducted 
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during  test  J4-1801-21  on  December  21,  1967,  and  test  J4-1801-22  on 
January  4,  1968,  for  a  total  duration  of  111.6  sec.  All  firings  were  in 
support  of  the  S-II/S-V  J-2  Engine  Developmental  Program.  Thermal 
conditioning  of  the  engine  and  selected  engine  components  was  accom¬ 
plished  to  simulate  the  predicted  S-II  flight  thermal  environment.  All 
engine  starts  were  made  with  the  propellant  utilization  valve  in  the  null 
(0-deg)  position.  Thirty-second  firings  were  conducted  using  a  propel¬ 
lant  utilization  valve  excursion  from  null  to  full  closed  at  approximately 
to  +  10  sec  which  changed  the  mixture  ratio  from  5.  0  to  5.  5.  All  firings 
were  preceded  by  a  one-second  fuel  lead.  The  following  are  objectives 
and  a  brief  summary  of  results. 

Firing  Test  Objectives  Results 


21A 


Investigate  S-II  start  transient 
characteristics  using  maximum 
start  gas  energy,  warmest  ex¬ 
pected  thrust  chamber,  and  high 
fuel  and  oxidizer  pump  inlet 
pressures. 


Start  conditions  resulted  in 
a  fast  start  and  late  main 
oxidizer  valve  second-stage 
movement  which  produced  a 
second  peak  gas  generator 
temperature  of  1885°F.  r  ■ 
Time  to  550  psia  chamber 
pressure  was  1.  875  sec. 


2 IB  Investigate  S-II  start  transient 

characteristics  using  low  fuel 
and  high  oxidizer  pump  inlet 
pressures,  warmest  expected 
thrust  chamber,  and  high  start 
gas  energy. 


21C  Investigate  S-II  start  transient 
characteristics  using  low  fuel 
and  high  oxidizer  pump  inlet 
pressure,  warmest  expected 
thrust  chamber,  and  high  start 
gas  energy. 


Stall  margin  during  start 
tank  discharge  and  fuel  pump 
acceleration  was  significantly 
lower  than  firing  21A,  which 
was  identical  except  for  fuel 
pump  inlet  pressure;  however, 
adequate  margin  was  main¬ 
tained  on  this  firing. 

This  firing  was  identical  to 
firing  21B,  except  for  start 
tank  pressure  and  tempera¬ 
ture  which  provided  a  slight 
increase  in  energy.  Fuel 
pump  spinup  was  higher  than 
on  2 IB  which  provided  higher 
gas  generator  power  and, 
thus,  higher  hydraulic  torque 
on  the  main  oxidizer  valve, 
resulting  in  higher  second 
peak  gas  generator  tempera¬ 
ture. 
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Firing  Test  Objectives 

2 ID  Investigate  S-II  start  transient 

characteristics  using  coldest 
expected  thrust  chamber,  high 
start  gas  energy,  and  low  fuel 
and  high  oxidizer  pump  inlet 
pressures. 


22A  Investigate  S-II  start  transient 
characteristics  using  coldest 
expected  thrust  chamber,  high 
start  gas  energy,  low  fuel  and 
high  oxidizer  pump  inlet  pres  - 
sures. 

22B  Investigate  S-II  start  transient 
characteristics  using  coldest 
expected  thrust  chamber,  maxi¬ 
mum  start  gas  energy,  and  high 
.  oxidizer  and  fuel  pump  inlet 
pressures. 


22C  Investigate  S-II  start  transient 
characteristics  using  coldest 
expected  thrust  chamber,  low 
fuel  and  high  oxidizer  pump 
inlet  pressures,  and  high  start 
gas  energy. 


22D  Investigate  S-II  start  transient 
characteristics  using  warmest 
expected  thrust  chamber,  low 
fuel  and  high  oxidizer  pump 
inlet  pressures,  and  nominal 
start  gas  energy  at  low  tem¬ 
perature. 


Results 

The  combination  of  cold 
thrust  chamber  and  low  fuel 
pump  inlet  pressure  reduced 
gas  generator  fuel  injection 
pressure  to  a  low  value  which 
caused  delayed  ignition  or 
poor  gas  generator  burning 
for  0.05  sec.  This  resulted 
in  low  gas  generator  power 
for  pump  acceleration. 

This  firing  was  identical  to . 
firing  2 ID  with  the  exception 
of  start  tank  pressure  and  ! 
temperatures  which  were 
slightly  lower.  Results  of 
the  two  firings  were  the  same. 

This  firing  was  identical  to 
firing  22A  with  the  exception 
of  fuel  pump  inlet  pressure 
which  was  15.  4  psi  higher 
than  firing  22A.  This  higher 
fuel  inlet  pressure  resulted 
in  more  nearly  normal  gas 
generator  operation  when  com¬ 
pared  with  firing  22A. 

This  firing  was  identical  to 
firing  2 IB  with  the  exception 
of  thrust  chamber  tempera¬ 
ture.  The  colder  thrust  cham¬ 
ber  temperature  for  this  firing 
resulted  in  reduced  fuel  sys¬ 
tem  resistance  and,  therefore, 
lower  gas  generator  fuel  sys¬ 
tem  pressures. 

This  firing  was  identical  to 
firing  2 IB  with  the  exception 
of  start  tank  pressure.  Lower 
start  tank  pressure  resulted 
in  decreased  fuel  and  oxidizer 
pump  speeds  and  discharge 
pressures. 
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Firing  Test  Objectives 


Results 


22E  Investigate  S-II  fuel  pump 

start  transient  characteristics 
using  lower  than  minimum 
specification  fuel  pump  inlet 
pressure. 


Fuel  pump  operation  appears 
normal  throughout  this  firing 
which  was  terminated  at 
0.  873  sec.  Adequate  stall 
margin  was  maintained  and  no 
evidence  of  fuel  pump  cavita¬ 
tion  was  seen. 


Specific  test  requirements  and  results  are  summarized  in  Table  VI. 
Start  and  shutdown  times  of  engine  valves  are  presented  in  Table  VII. 
Included  in  this  table  are  prefiring  valve  times  obtained  from  the  final 
sequence  run.  Engine  performance  data  are  tabulated  in  Table  VIII. 
Methods  of  calculation  are  described  in  Appendix  IV.  The  pressure 
and  temperature  at  engine  start  are  shown  in  Fig.  8  for  the  pump  in¬ 
lets,  start  tank,  and  helium  tank. 

The  presentation  of  the  test  results  in  the  following  sections  con¬ 
sists  of  a  discussion  of  each  engine  firing  with  pertinent  comparisons. 
The  data  presented  are  those  recorded  on  the  digital  data  acquisition 
system,  except  as  noted. 


4.2  TEST  RESULTS 
4.2.1  Firing  J4-1801-21A 

Firing  21A  was  32.575  sec  in  duration  after  a  1-sec  fuel  lead.  A 
propellant  utilization  valve  excursion  from  null  to  full  closed  was  made 
at  about  to  +  10  sec  (changing  the  mixture  ratio  from  5.0  to  5.5).  All 
engine  start  conditions  were  within  specified  target  limits,  except  thrust 
chamber  throat  (TTC-1P)  temperature  which  was  warmer  than  desired 
by  about  2°F.  A  summary  of  engine  test  requirements  and  results  is 
presented  in  Table  VI.  The  temperature  conditioning  time  histories  of 
the  required  components  are  shown  in  Fig.  9.  Test  cell  pressure  alti¬ 
tude  at  engine  start  was  95,  000  ft.  Test  cell  pressure  during  the  firing 
is  presented  in  Fig.  10,  along  with  engine  chamber  pressure  which  re¬ 
flects  the  propellant  utilization  valve  excursion  at  about  to  +  10  sec. 

The  start  conditions  for  this  firing  resulted  in  early  main  chamber 
ignition  (to  +  0.  950);  however,  the  time  to  550-psia  chamber  pressure 
was  not  the  fastest  observed  during  this  test  period.  The  first  gas 
generator  temperature  peak  was  1610°F  with  a  second  peak  of  1885°F. 
This  second  peak  resulted  from  the  late  movement  of  the  main  oxidizer 
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valve  from  the  14-deg  position.  Figure  11  presents  selected  engine 
start  and  shutdown  transient  parameters.  Figure  12  presents  fuel  pump 
transient  performance. 

4.2.2  Firing  J4-1801-21 B 


Firing  21B  was  7.588  sec  in  duration  after  a  1-sec  fuel  lead.  All 
engine  start  conditions  were  within  specified  target  limits  with  excep¬ 
tion  of  the  main  oxidizer  valve  second-stage  actuator  temperature 
which  was  1°F  colder  than  specified.  A  summary  of  test  requirements 
and  results  is  presented  in  Table  VI.  The  required  component  tem¬ 
perature  conditioning  time  histories  are  presented  in  Fig.  13.  Test 
cell  pressure  altitude  at  engine  start  was  112,  000  ft.  Test  cell  pres¬ 
sure  and  thrust  chamber  pressure  during  the  firing  are  presented  in 
Fig.  14. 

Firing  2 IB  start  conditions  were  identical  to  firing  21A  with  the 
exception  of  fuel  pump  inlet  pressure,  which  was  13.  1  psi  lower  than 
for  21A.  Gas  generator  temperature  peaked  at  1840°F;  a  second  peak 
of  1840°F  was  observed.  This  first  peak  temperature  and  decrease  in 
fuel  pump  stall  margin  are  the  only  significant  differences  noted  in  the 
start  transient  characteristics  of  firing  2 IB,  as  compared  with 
firing  21A.  Selected  engine  start  and  shutdown  transient  parameters 
are  presented  in  Fig.  15.  Fuel  pump  transient  performance  is  pre¬ 
sented  in  Fig.  16. 

4.2.3  Firing  J4-1801-21C 

Firing  21C  was  7.  588  sec  in  duration  after  a  1-sec  fuel  lead.  All 
engine  start  conditions  were  within  specified  target  limits.  A  summary 
of  test  requirements  and  results  is  presented  in  Table  VI.  The  re¬ 
quired  component  temperature  conditioning  time  histories  are  presented 
in  Fig.  17.  Test  cell  pressure  altitude  at  engine  start  was  107,  000  ft. 
Test  cell  pressure  and  thrust  chamber  pressure  during  the  firing  are 
presented  in  Fig.  18. 

Firing  21C  start  conditions  were  identical  to  firing  2  IB  with  the 
exception  of  start  tank  pressure  and  temperature  which  combined  to 
provide  slightly  higher  start  gas  energy.  Start  tank  pressure  was 
100  psi  higher  and  temperature  was  60°F  warmer  on  firing  21C,  as 
compared  with  21B.  The  pressure  increase  tends  to  spin  both  pumps 
higher,  whereas  the  warmer  temperature  lowers  the  oxidizer  pump 
peak  spin  speed;  the  net  result  on  firing  21C  was  higher  fuel  pump  spin 
speed  with  no  significant  change  in  oxidizer  pump  spin  speed.  The  first 
gas  generator  temperature  peak  was  slightly  lower  on  firing  21C  (1795°F), 
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while  the  second  peak  was  higher  at  2125°F.  This  second  peak  tem¬ 
perature  occurred  when  the  main  oxidizer  valve  second  stage  moved 
only  slightly  (about  1  deg)  between  t(j  +  1. 145  sec  and  1.  305  sec.  Start 
and  shutdown  transient  parameters  are  presented  in  Fig.  19.  Fuel 
pump  transient  performance  is  presented  in  Fig.  20. 

4.2.4  Firing  J4-1801-21D 

Firing  21D  was  7.588  sec  in  duration  after  a  1-sec  fuel  lead.  All 
engine  start  conditions  were  within  specified  target  limits.  A  summary 
of  test  requirements  and  results  is  presented  in  Table  VI.  The  re¬ 
quired  component  temperature  conditioning  time  histories  are  presented 
in  Fig.  21.  Test  cell  pressure  and  thrust  chamber  pressure  during  the 
firing  are  presented  in  Fig.  22.  Test  cell  pressure  altitude  at  engine 
start  was  108,  000  ft. 

Firing  21D  utilized  a  -275°F  thrust  chamber  throat  target  tempera¬ 
ture  which  corresponds  to  the  coldest  expected  S-II  thrust  chamber 
temperature.  This  temperature  was  the  only  difference  in  starting 
conditions  between  firings  2 1C  and  2 ID.  The  low  thrust  chamber  tem¬ 
perature  on  firing  21D,  in  conjunction  with  low  fuel  inlet  pressure,  re¬ 
sulted  in  low-grade  (or  lack  of)  combustion  in  the  gas  generator  for  a 
period  of  about  0.  05  sec  after  ignition  of  the  initial  mixture  occurred 
at  about  to  +  0.  65  sec.  The  low-grade  combustion  was  the  result  of 
low  fuel  system  pressures  caused  by  the  cold  thrust  chamber  (low 
thrust  chamber  fuel  system  resistance).  Another  result  of  the  low- 
grade  gas  generator  combustion  is  seen  in  the  decreased  fuel  pump 
acceleration  in  the  time  period  between  gas  generator  fuel  and  oxidizer 
valves  open,  and  main  chamber  ignition  at  tg  +  0.985  sec,  as  compared 
with  firing  2 1C  for  the  same  time  period.  Oxidizer  pump  speed  was 
also  affected.  Oxidizer  pump  speed  decreased  about  500  rpm  more 
than  on  firing  2 1C  during  this  same  time  period. 

Firing  21D  also  experienced  combustion  instability  for  a  period  of 
120  msec  which  began  at  main  chamber  ignition.  This  is  a  character¬ 
istic  of  cold  thrust  chamber  firings  as  reported  in  Ref.  5.  Start  and 
shutdown  transient  parameters  are  presented  in  Fig.  23.  Figure  24 
presents  fuel  pump  transient  performance.  Figure  25  presents  com¬ 
parisons  of  parameters  for  firings  2  ID  and  2 1C  which  illustrate  the 
effects  of  cold  thrust  chamber  temperature  on  start  transient  character¬ 
istics. 
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4.2.5  Firing  J4-1801-22A 

Firing  22A  was  32.576  sec  in  duration  after  a  1-sec  fuel  lead.  All 
engine  start  conditions  were  within  specified  target  limits,  except 
oxidizer  pump  inlet  temperature  which  was  0.  1°F  colder  than  required. 

A  summary  of  test  requirements  and  results  is  presented  in  Table  VI. 
The  required  component  temperature  conditioning  time  histories  are 
presented  in  Fig.  26.  Test  cell  pressure  altitude  at  engine  start  was 
101,  000  ft.  Test  cell  pressure  and  thrust  chamber  pressure  during  the 
firing  are  presented  in  Fig.  27. 

Firing  22A  starting  conditions  were  similar  to  2 ID;  the  only  signifi¬ 
cant  differences  were  start  gas  pressure  and  temperature.  The  average 
thrust  chamber  temperature  was  the  same  as  that  of  21D,  although  the 
throat. temperature  was  25°F  warmer  as  read  on  TTC-1P  which  was 
within  target  limits.  The  results  of  firing  22A  are,  therefore,  similar 
to  those  of  firing  2 ID.  Gas  generator  pressures  are  comparable  to 
those  obtained  on  firing  21D  and  indicate  low-grade  gas  generator  com¬ 
bustion  in  the  time  period  between  gas  generator  valves  open  and  main 
chamber  ignition  (to  +  0-  64  and  0.  985).  Firing  22A  fuel  system  pres¬ 
sures  are  slightly  lower  in  the  time  period  between  to  +  0.  6  sec  and 
to  +  1.0  sec  than  for  firing  21D  because  of  lower  fuel  pump  spinup, 
which  resulted  from  20-psi  lower  start  tank  pressure. 

.Start  and  shutdown  transient  parameters  are  presented  in  Fig.  28. 
Fuel  pump  transient  performance  is  presented  in  Fig.  29. 

4.2.6  Firing  J4.1801-22B 

Firing  22B  was  7.  586  sec  in  duration  after  a  1-sec  fuel  lead.  All 
engine  start  conditions  were  within  specified  target  limits  except  cross¬ 
over  duct  temperature  (TFTD-8)  and  start  tank  discharge  valve  closing 
control  line  temperature.  A  summary  of  test  requirements  and  results 
is  presented  in  Table  VI.  The  required  component  temperature  con¬ 
ditioning  time  histories  are  presented  in  Fig.  30.  Test  cell  pressure 
altitude  at  engine  start  was  109,  000  ft.  Test  cell  pressure  and  thrust 
chamber  pressure  during  the  firing  are  presented  in  Fig.  31. 

Firing  22B  starting  conditions  were  identical  to  those  of  22A,  except 
for  fuel  pump  inlet  pressure  which  was  15.  4  psi  higher.  Comparison  of 
start  transient  parameters  for  these  two  firings  shows  the  effect  of  fuel 
pump  inlet  pressure  on  the  gas  generator.  Firing  22B,  which  utilized 
high  (41-psia)  fuel  pump  inlet  pressure,  exhibited  a  relatively  normal 
gas  generator  ignition  transient.  Ignition  was  attained  as  the  gas 
generator  oxidizer  valve  opened,  and  adequate  gas  generator  fuel  in¬ 
jection  pressure  was  maintained  to  sustain  combustion. 
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Start  and  shutdown  transient  parameters  are  presented  in  Fig.  32. 
Fuel  pump  transient  performance  is  presented  in  Fig.  33.  Figure  34 
presents  gas  generator  transient  parameter  comparisons  for  firings  22A 
and  22B. 

V 

4.2.7  Firing  J4-1801-22C 

Firing  22C  was  7.588  sec  in  duration  after  a  1-sec  fuel  lead.  Engine 
start  conditions  that  were  not  within  specified  target  limits  were  fuel 
pump  inlet  pressure  and  temperature  and  crossover  duct  temperatures 
(TFTD-2  and  -8).  A  summary  of  test  requirements  and  results  is  pre¬ 
sented  in  Table  VI.  The  required  component  temperature  conditioning 
time  histories  are  presented  in  Fig.  35.  Test  cell  pressure  altitude  at 
engine  start  was  109,  000  ft.  Test  cell  pressure  and  thrust  chamber 
pressure  during  the  firing  are  presented  in  Fig.  36. 

Firing  22C  compares  with  2  IB  in  starting  conditions,  except  for 
thrust  chamber  temperature  which  was  approximately  200°F  colder  on 
22C  than  on  21B.  The  result  of  the  reduced  thrust  chamber  resistance 
is  reflected  in  reduced  gas  generator  fuel  injection  pressure  which 
caused  a  delay  in  gas  generator  ignition  of  about  0.  08  sec  after  gas 
generator  oxidizer  valve  opening. 

Start  and  shutdown  transient  parameters  are  presented  in  Fig.  37. 
Fuel  pump  transient  performance  is  presented  in  Fig.  38.  Figure  39 
presents  gas  generator  transient  parameter  comparisons  for  firings  22C 
and  21B. 

4.2.8  Firing  J4-1801-22D 

Firing  22D  was  7.  589  sec  in  duration  after  a  1-sec  fuel  lead.  Engine 
start  conditions  that  were  not  within  specified  target  limits  were  cross¬ 
over  duct  temperature  (TFTD-8)  and  start  tank  discharge  valve  opening 
control  line  temperature.  A  summary  of  test  requirements  and  results 
is  presented  in  Table  VI.  The  required  component  temperature  con¬ 
ditioning  time  histories  are  presented  in  Fig.  40.  Test  cell  pressure 
altitude  at  engine  start  was  112,  000  ft.  Test  cell  pressure  and  thrust 
chamber  pressure  during  the  firing  are  presented  in  Fig.  41. 

The  results  of  firing  22D,  when  compared  with  firing  21B  results, 
show  the  effect  of  a  100-psi  decrease  in  start  tank  pressure.  Both  pro¬ 
pellant  pumps  spun  up  to  a  lower  level  during  start  tank  discharge  on 
firing  22D  which  resulted  in  lower  oxidizer  and  fuel  system  pressures. 
These  lower  pressures  decreased  the  main  oxidizer  valve  hydraulic 
torque,  resulting  in  a  faster  second-stage  opening.  Lower  pump 
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discharge  pressures  also  result  in  later  main  chamber  ignition  and  longer 
time  to  550-psia  chamber  pressure.  The  decreased  main  oxidizer  valve 
hydraulic  torque  also  produced  a  lower  gas  generator  second  tempera¬ 
ture  peak,  a  result  of  the  earlier  movement  of  the  valve  from  the  14-deg 
position.  The  first  peak  temperatures  were  only  65°F  different. 

Start  and  shutdown  transient  parameters  are  presented  in  Fig.  42. 
Fuel  pump  transient  performance  is  presented  in  Fig.  43.  Figure  44 
presents  start  transient  parameter  comparisons  for  firings  22D  and  21B. 

4.2:9  Firing  J4-1601-22E 


:Firing  22E  was  0.  873  sec  in  duration  after  a  1-sec  fuel  lead.  Engine 
start  conditions  that  were  not  within  specified  target  limits  were  cross¬ 
over  duct  temperature  (TFTD-8)  and  start  tank  discharge  valve  opening 
control  line  temperature.  A  summary  of  test  requirements  and  results 
is  presented  in  Table  VI.  The  required  component  temperature  con¬ 
ditioning  time  histories  are  presented  in  Fig.  45.  Test  cell  pressure 
altitude  at  engine  start  was  112,  000  ft.  Test  cell  pressure  and  thrust 
chamber  pressure  during  the  firing  are  presented  in  Fig.  46. 

Firing  22E  was  conducted,  as  planned,  using  pump  inlet  pressures 
lower  than  specification  minimum  to  evaluate  fuel  pump  operation.  Fuel 
pump  inlet  pressure  at  engine  start  for  this  firing  was  22.  3  psia.  Pump 
head -flow  data  indicate  a  wide  stall  margin  until  cutoff  occurred  at 
tp  +  0.  873  sec.  Pump  head-flow  data  do  not  show  any  evidence  of  pump 
cavitation,  although  flow  is  approximately  600  gpm  lower  at  cutoff  on 
22E  than  at  the  corresponding  time  on  22B  which  used  45 -psia  fuel  pump 
inlet  pressure.  Firing  22E  gas  generator  pressures  indicate  late  igni¬ 
tion  and  poor  burning,  as  evidenced  on  other  cold  thrust  chamber/low 
inlet  pressure  firings  (21D,  22A,  and  22C)  reported  herein. 

-  Engine  transient  parameters  are  presented  in  Fig.  47.  Fuel  pump 
transient  performance  is  presented  in  Fig.  48. 


SECTION  V 

SUMMARY  OF  RESULTS 


The  results  of  the  nine  firings  conducted  during  Tests  J4- 1801-21 
and  22  are  summarized  as  follows: 

1.  Low  fuel  inlet  pressure  in  conjunction  with  cold  thrust  chamber 
temperature  resulted  in  delayed  gas  generator  ignition  and  low 


15 


AEDC-TR-68-81 


gas  generator  power  until  main  chamber  ignition  was  obtained. 
Low  inlet  pressure  or  cold  thrust  chamber  temperature  alone 
did  not  produce  this  result. 

2.  Low  fuel  pump  inlet  pressures  did  not  significantly  increase 
the  gas  generator  temperature  peak  value.  Fuel  pump  stall 
margin  during  start  tank  discharge  was  reduced;  however,  an 
adequate  margin  was  maintained  on  these  low  inlet  pressure 
firings. 

3.  Fuel  pump  operation  appeared  satisfactory,  exhibiting  wide 
stall  margin  and  no  evidence  of  cavitation  when  an  inlet  pres¬ 
sure  of  22.  5  psia  was  used  in  conjunction  with  cold  thrust 
chamber  and  high  starting  energy. 
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Fig.  19  Engine  Start  and  Shutdown  Transients,  Firing  21C 
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Fig.  20  Fuel  Pump  Transient  Performance,  Firing  21C 
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Fig.  23  Engine  Start  and  Shutdown  Transients,  Firing  21D 
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Fig.  25  Comparison  of  Firing  21C  and  21D  Start  Transient  Parameters 


61 


:mperrture.  °f 


AEDC-TR-68-B1 


as 

>»> 


to 

a_ 


to 

to 

LU 

DC 

CL¬ 

DC 

LU 

cn 

3: 

CE 

ZC 

o 


1000  t 


800  4 


£  600  4 


4004 


2004 


o1 


to 

CL¬ 


UJ 

CO 

ZD 

to 

(O 

LU 

DC 

a_ 


L_) 


’-10  0  10  20  30  40 


TIME,  SEC 


Fig.  27  Engine  Chamber  and  Test  Cell  Pressure,  Firing  22A 


AEDC-TR-68-81 


AEDC-TR-68-81 


TIME.  SEC 

a.  Start  Transient,  Thrust  Chamber  Fuel  System 


m 

■ 

a 


3: 

a. 

cc 

o’ 

LU 

UJ 

a. 

in 

a. 

3C 

3 

CL 


0  12  3 


TIME.  SEC 

b.  Start  Transient,  Thrust  Chamber  Oxidizer  System 
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Fig.  29  Fuel  Pump  Transient  Performance,  Firing  22A 
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Fig.  32  Engine  Start  and  Shutdown  Transients,  Firing  22B 
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Fig.  33  Fuel  Pump  Transient  Performance,  Firing  22B 
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Fig.  41  Engine  Chamber  and  Test  Cell  Pressure,  Firing  22D 


A  EDC-T  R-68-81 


PUMP  SPEED.  RPM  X  10‘3  PUMP  SPEED.  RPM  X  10‘3 


AEDC-TR-68-81 


0  12  3 


TIME.  SEC 

a.  Start  Transient,  Thrust  Chamber  Fuel  System 


TIME,  SEC 
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Fig.  42  Engine  Start  and  Shutdown  Transients,  Firing  22D 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 


Part  Name 

P/N 

S/N 

Thrust  Chamber  Body 

206600-31 

4072755 

Thrust  Chamber  Injector  Assembly 

208021-11 

4071421 

Fuel'Turbopump  Assembly 

460160-31 

4072328 

Oxidizer  Turbopump  Assembly 

458175-81 

6645876 

Start  Tank 

303439 

0038 

Augmented  Spark  Igniter 

206280-81 

4078806 

Gas  Generator  Fuel  Injector  and  Combustor 

308360-11 

4088543 

Gas  Generator  Oxidizer  Injector  and  Poppet  Assembly 

303323 

4091740 

Helium  Regulator  Assembly 

556948 

4072709 

Electrical  Control  Package 

502670-11 

4078604 

Primary  Flight  Instrumentation  Package 

703685 

4077391 

Auxiliary  Flight  Instrumentation  Package 

703680 

4077313 

Main  Fuel  Valve 

409120 

4062472 

Main  Oxidizer  Valve 

411031 

4089563 

Gas  Generator  Control  Valve 

309040 

4074190 

Start  Tank  Discharge  Valve  ■ 

306875 

4081218 

Oxidizer  Turbine  Bypass  Valve 

409930 

4093026 

Propellant  Utilization  Valve 

251351-11 

4068732 

Main-Stage  Control  Valve 

555767 

8284307 

Ignition  Phase  Control  Valve 

555767 

8284305 

Helium  Control  Valve 

NA5-27273 

340919 

Start  Tank  Vent  and  Relief  Valve 

557818 

4062234 

Helium  Tank  Vent  Valve 

NA5-27273 

340918 

Fuel  Bleed  Valve 

309034 

4077233 

Oxidizer  Bleed  Valve 

309029 

4076750 

Augmented  Spark  Igniter  Oxidizer  Valve 

308880 

4089946 

Pressure-Activated  Purge  Control  Valve 

557823 

4075865 

Pressure-Activated  Shutdown  Valve  Assembly 

557817 

4067200 

Start  Tank  Fill /Refill  Valve 

558000 

4072899 

Fuel  Flowmeter 

251225 

4076564 

Oxidizer  Flowmeter 

251216 

4077137 

Fuel  Injector  Temperature  Transducer 

NA5-27441 

12350 

Restartable  Ignition  Detect  Probe 

NA5-27298T2 

329 
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TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice 

Name 

Part 

Number 

Diameter, 

in. 

Date 

Effective 

Comments 

Gas  Generator 

Fuel  Supply 

Line 

RD251-4107 

a 

- 

December  21,  1967 
January  4,  1968 

Changes  made  to 
obtain  desired 
performance  level. 

Gas  Generator 
Oxidizer 

Supply  Line 

RD251-4106 

m 

December  21,  1967 
January  4,  1968 

Changes  made  to 
obtain  desired 
performance  level. 

Oxidizer  Turbine 
Bypass  Valve 
Nozzle 

RD273-8002 

1.  430 

November  29,  1967 

Change  made  to 
obtain  desired 
performance  level. 

Oxidizer  Turbine 
Exhaust 

Manifold 

RD251-9004 

10.  00 

January  18,  1966 

Installed  before 
engine  delivery 
to  AEDC. 

Main  Oxidizer 
Valve  Closing 
Control  Line 

410437 

7.  52  scfm 

December  21,  1967 

Changed  to  obtain 
desired  valve 
opening  time. 

Augmented  Spark 
Igniter  Oxidizer 
Supply  Line 

406361 

0.  125 

December  21,  1967 

Changed  to  update 
engine  configuration. 

OO 
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TABLE  III 

ENGINE  MODIFICATIONS 
(BETWEEN  TESTS  J4-1801-20  AND  J4-1801-22) 


Modification 

Completion 

Date 

Description  of 
Modification 

RFD-AEDC  83-67* 

December  17,  1967 

Install  stud  drive,  thick- 
wheel  fuel  turbopump 
assembly  P/N  460160-31- 
S/N  4072328 

RFD-AEDC  84-67 

December  17,  1967 

Re -orifice  to  obtain 

230,  000  lb  thrust  level. 

GG  fuel  orifice  0.500  in. 
GG  oxidizer  orifice 

0.  284  in. 

RFD-AEDC  85-67 

December  18,  1967 

Install  thermostatic - 
orificed  MOV 

P/N  411031-  S/N  4089563 
Sequence  Ramp  Time  - 
+20 

1900  msec 

RFD-AEDC  86-67 

December  15,  1967 

Install  0. 125  ASI  oxidizer 
Orifice 

Test  J 

4-1801-21  December  21,  1967 

RFD-AEDC  87-67 

December  28,  1967 

Re -orifice  to  obtain 

230,  000  lb  thrust  level. 

GG  fuel  orifice  0.489  in. 
GG  oxidizer  orifice 

0.  276  in. 

Test  J4-1801-22  January  4,  1968 


*RFD  -  Rocketdyne  Field  Directive 
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TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(BETWEEN  TESTS  J4-1801-20  AND  J4-1801-22) 


Replacement 

Completion 

Date 

Component 

Replacement 

Test  J4-1801-21  December  21,  1967 

December  30,  1967 

Fuel  pump  turbine  shaft  seal 
NA5-26628  P117 

UCR  007346 

December  30,  1967 

Fuel  pump  intermediate  shaft 
seal  NA5-260115  S072 

UCR  007349 

December  30,  1967 

Fuel  pump  primary  seal 
drain  check  valve 

P/N  557751  S/N  3811483 

Test  J4-1801-22  January  4,  1968 

*UCR  -  Unsatisfactory  Condition  Report 


AEDC-TR-68- 
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TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


Turbopump  and  Gas 
Generator  Purge 
(Purge  Manifold 
System) 


Oxidizer  Dome  snd 
Gas  Generator  Liquid 
Oxygen  Injector 
(Engine  Pneumatic 
System) 


Oxidizer  Dome 
(Facility  Line  to 
Port  COA3) 


Oxidizer  Turbopump 
Intermediate  Seal 
Cavity  (Engine 
Pneumatic  System) 


Thrust  Chamber 
Jacket 

(Customer  Connect) 
Panel 


} 


Thrust  Chamber 

Temperature 

Conditioning 

Pump  Inlet 
Pressure  and 
Temperature 
Conditioning 


Hydrogen  Start  Tank 
and  Helium  Tank 
Pressure  snd  Tern- 
perature  Conditioning 


Crossover  Duct 

Tempersture 

Conditioning 


Main  Oxidizer  Valve 
Actuator  Tempera¬ 
ture  Conditioning 

Start  Tank  Discharge 
Valve 

(Conditioning) 


Helium,  82  -  125  paia 
50  -  200*  F 
(Nominal)  8  scfm 
at  Customer  Connect 


Nitrogen;  400  ±  25  psig 
50  -  20CTF 

(Minimum)  230  scfm 


Nitrogen;  400  -  450  psig 
100  -  200“F 
(Nominal)  200  scfm 


Helium;  400  ±  25  psig 
Ambient 
Temperature 
2600  -  7000  scfm 


Helium;  40  -  60  psig 
50  -  200*F 
(Nominal)  60  scfm 

Helium;  12  -  14  psig 
50  -  200* F 
(Nominal)  10  scfm 

Helium;  1000  pa ig 

-300*F  to  Ambient 
10  -  20  lbm/min 

Oxidizer;  35  to  48  psia 

-298  to  -280*F 
Fuel;  28  to  48  psia 
-424  to  -416*F 


Helium;  -300"F 

to  Ambient 


Helium;  -30(TF 

to  Ambient 


Helium,  +40*F  to  +80*F 


Hydrogen;  1200  to  1400  psia 
-300  to  -  140*F 
Helium;  1700  to  3250  psia 
-300  to  -140-F 


© 


Component  conditioning  to  be  maintained  within  limits  for  last  15  min  before  engine  start. 
^Component  conditioning  to  be  maintained  within  limits  for  last  30  min  before  engine  start. 
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Firing  Number,  J4-160I 


Time  of  ttry.  hr/ Firing  Date 


Praaaurc  AltKute  a’  Engine  Start,  ft 


Fuel  Pump  Inlet  Condition* 
at  Engine  Start 


Oxidizer  Pump  nlel 
Cotulltlor-a  at  Eagine  Start 


Start  Tar-k  ComUMaaa 
at  Engine  Start 


llallum  Tank  CrxiCltlon* 
at  Engine  Start 


Tkruat  Chamber  Teraperatura 
Coiulltlaca  at  Elgin*  Start.  *F 


Crossover  Duct  Tetaperatura 
at  Engine  Start.  *F® 


Main  Oxidizer  Valve  Closing  Corfrol  Line 
I  emperarure  at  Engine  Stan,  *F 


Mala  Oxidizer  Valve  Second-Stag*  Actuator 
Temperature  at  Engine  Start,  *F 


Propellant  In  Elgin*  Time,  mil- _ 


Propellant  Recirculation  Time,  nin 


Prevalve  Se<|urielng  Engle 


Bootstrap  Une  Temperature 
at  Engine  Start,  *F 


Start  Tank  Uiacnarge  valve 
Temparatar*  at  Engine  Start,  *F® 


Gaa  Generator  Control  Valve  Uocy 
Tamperat  jre  at  Engine  Start,  *F 


Vibration  Safel)  Count*  Duration  smaec I  and 
Occurrence  Tine  i*ec)  from  to® 


Gai  Generator  Outlet 
Temperature,  T 


lntlUl  Paul 


Main  Chamber  Ignition  (Pc  -  100  pula) 

Time,  eec  (Ref  to)® _ 


Main  Oiuliiar  Talva  Sc  ^vi-Star*  Initial 
Movement,  aacfRaf.  tfll® 


Main-Stage  Prenaur*  No.  !.  arc  SRef.  to 


550  |aaia  C  ha  niter  Preaaure  Attained,  aee 

(Ref,  Ip) _ 

Prupellanl  UtUkation  Valve  Poalllcn  at  Engine 

RisH _  ((eg  rpjj Ui •  Start  Mo  *  10  i#8 


^Data  flceuced  from  0»ciIlocr»m 

® Component  Camlllaming  to  be  Maintained  within  Limit*  for  Laat  IS 
®Ceozpnne>it  Condi  taxiing  to  be  Maintained  ulthtn  Llm  ta  for  Laat  Ji> 

A 

Only  1  deg  Of  Movzmeat  between  tli-s*  Time*. 


mn  before  Engine  S.art. 
tnti  before  Engine  5  art. 
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2!C 

22D 

32H 

|  Tlffft  1 

Actual  || 

Target  |  Actual 

T**1*  1 

Actual  P 

i  i  ii  ii 

i  r  ch 

- - - -  H 

... 

100.000  1 

112.  000 

113.  OKI 

7.3 

7.38ft 

7.  S 

7.309 

0  0 

BH 

26.  8 

BH 

24.2 

11W1 

23.  3 

•421  4  1  0.4 

-420.  7 

421.4  2  0.4 

4214  1 

-421  i  t  0.4 

-421.2 

|  4b. 0  t  1 

44. a 

43.0 

44.4 

20.0  a  t 

it.  1 

1  -29C.3  ±0.4 

•394.a 

304.  3  ±  0.  4 

•204. 5 

•393. 3  ±0.4 

•294.7 

noo  ±  to 

1 304 

1200  t  10 

1203 

1 400  ±  10 

1409 

-100  1  10 

-  300  1  10 

-2*9 

•340  a  10 

-241 

I 

2230 

... 

2233 

— 

28TC 

r 

-2*1 

•  288 

— 

-23t 

1  -250  1  23 

-237 

KSrl 

-tsi  ’ 

-200  i  25 

•  261 

... 

•  2*0 

— 

-204  ! 

— 

-291 

30  t  73 

1* 

so  i  is 

14 

3(  a  25 

31 

50  ±  23 

4t 

30  t  23 

10 

S(  ♦  25 

14 

50  t  25 

20 

30  1  23 

19 

3  C  ±  23 

19 

... 

-2D 

— 

•23 

... 

-10 

-toot  30 

•104 

-too  1  30 

-139 

... 

-111 

U  t.o  a  0.05 

1.000 

1.0  l  0.03 

1.003 

1.0  t  0.03 

1.002 

CO 

30 

... 

RH 

to 

10 

to 

11 

10 

■  O  I 

II  normal 

Burmin 

normal 

rorrual 

^2SE1^B  1 

f-=T- 

i 

•  •  • 

11 

24 

-t2 

•  •  • 

-7 

... 

6 

— — L^™J 

•44 

... 

•  » 

... 

•24 

30  t  23 

za 

»v  t  la 

It 

00  X  to 

IT 

... 

14 

... 

•IB 

... 

•U  j 

JXT 

ISO 

^*^0.813 

^^oTb*o 

fSSM 

mvu 

n 

1770 

... 

r 

1540 

... 

... 

... 

0.083 

... 

0.  U80 

... 

... 

P- 

1.023 

j  ... 

1.  tss 

... 

... 

1. 735 

■ 

1.(30 

2.00* 

1.193 

... 

... 

19 
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tul*  vii 

IHCWI  VA.LV*  TINIKt 


SU 

rt 

Shutdown 

rtrtJt| 

Sian  Tank  DU  marge  Valve 

Mein 

fuel  Valve 

Main  Oddtier  Vilve. 
-First  Stage 

Main  O 

s« 

xllieer 

'OVl  51a 

Valve, 

«• 

Gij 

Kti 

Genera 

el  Popp 

tor 

<t 

Gas 

Oddi 

Genera 
tet  Po| 

tor 

jptX 

Oddi 

Byp 

ter  Tu 

aaa  Va 

rtoln# 

lVft 

Mali 

Fuel  V 

Altft 

Man  Oddizer  Valve 

Gaa  Gaaeiator 

Fuel  Po|f>et 

Cta  Generator 
Oxidizer  Poe  pet 

Oxldlier  Turbine 

Bypass  Valve 

Nimber 

J4I60I- 

Tuna 

of 

Openln* 

Signal 

Valve 

Delay 

Time, 

tec 

Valve 

Opening 

Tima. 

aec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

aec 

Valve 

Closing 

Time, 

«ec 

Time 

cf 

Opening 

Signal 

>rl*jr 

Time, 

IK 

Vtlv* 

Of<cnii«4 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Tune, 

aec 

Valve 

Openieg 

Tima, 

tec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

tec 

Valva 
*  tf-crun* 
Time, 
aec 

Tint  a 
of 

Opening 

Signal 

Valve 

Delay 

Time. 

aec 

Vilve 
Dp#  fling 
Tlxn#, 

omv 

Tima 

of 

Opening 

Signal 

Vi iva 

□day 

Tine. 

a*c 

Valve 

Opening 

Time, 

aec 

Tint 

cf 

Closing 

Signal 

Valve 

Delay 

Time. 

aec 

Valvt 

Coallg 

Tiro*. 

aec 

Time 

of 

Cloning 

Signal 

Valva 
Da  lay 
Time, 
aec 

Valve 
Cl  wing 
Time. 

I9C 

Time 

of 

Closing 

Signal 

Valva 

Delay 

Time, 

aec 

Valve 
Clot  ire 
Tima 

aec 

Time 

of 

Closing 

Signal 

Velv« 

Delay 

Tima, 

aec 

Valve 

Closing 

Time, 

aac 

Time 

cf 

Closing 
Sign  a. 

Valva 

Delay 

Time, 

aec 

Valve 

Hoeing 

Tima, 

aec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

aec 

Valve 

Ipenlng 

Time, 

sec 

31A 

0 

0.  HO 

0. 135 

0.4S0 

0.000 

4.235 

•1.000 

1.050 

0.060 

3.430 

0.005 

0.050 

0.450 

C.  740 

2. 140 

<1  430 

0.  115 

0.02& 

0.430 

0.145 

0.  070 

9. 430 

0.2*5 

0.  2)0 

0 

0.  13) 

0.  323 

0 

0.060 

0.  ISO 

0 

0.03C 

0. 023 

0 

0  020 

0.020 

0 

0.223 

0.470 

31H 

a 

0.  HO 

o.  no 

D,  4D0 

U.UbU 

«.  too 

- 1.  ow 

).  Oil 

0.01% 

>.  ISO 

O  009 

*.  ft>6 

ruTi 

t.  TOO 

t.  iee 

Ol  4IO 

0.  lit 

ft.ftftn 

0.  4IO 

ft.  OT1 

UUI 

#.  in 

ft,  2a; 

0 

ft.  lit 

O.  ftftD 

ft 

O.ftftO 

O.  tftO 

M 

0.  039 

0.  020 

mm 

II.  U2U 

V.  023 

0 

0.220 

0  410 

31C 

0 

0.  HO 

o.  ns 

0.  410 

0.08S 

1.240 

•1.000 

1.000 

0. 065 

3.  430 

0  0*5 

A  040 

0.450 

<■  70S 

2. 110 

a  450 

o.  m 

0.025 

0,450 

0.  073 

0.  ISO 

0.  220 

0.  275 

0 

0.  It) 

0,  *85 

0 

0.010 

0.  175 

mm 

0.04.0 

o.oso 

MM 

0.  020 

0.0)0 

0 

0.210 

EQ2H] 

J1D 

0 

0.  143 

a  no 

0.  450 

0.013 

4.235 

-1.010 

1.033 

0.070 

3.430 

0  055 

(1055 

0.450 

(.303 

2.  *40 

0.450 

o.  ns 

0.030 

0.  450 

0.190 

0.010 

0.  GO 

0.  2)0 

0.  3ID 

0 

9.  IS) 

0.  345 

0 

0.015 

0.  175 

0 

0.055 

0.020 

0  016 

0,  023 

9 

0.303 

\\SMM 

0 

0.  C8B 

o.  no 

0.450 

0.  OS  5- 

1.255 

•1.020 

1.043 

0.070 

3.450 

o.oso 

Cl  050 

0.450 

(.  440 

1.030 

a  450 

0.097 

0.030 

0.459 

0, 145 

0.  0(3 

0.150 

0.  220 

0.  293 

0 

0.  Oti 

0.2)0 

0 

0.040 

D.  (33 

0 

0.080 

0.  023 

0 

0.090 

0.  020 

0 

0.210 

0.5*5 

22A 

0 

0,  143 

o.  ns 

0.  445 

0.090 

3.  230 

-1.001 

1.  060 

0.090 

0.  443 

o  oeo 

(.050 

0.441 

C.  680 

2.000 

a  4i5 

0.  113 

0.E30 

0.445 

0.100 

0.063 

0.143 

0.340 

0.2(3 

0 

0.  130 

0.  355 

0 

0.040 

0.  1*5 

0 

O.OSO 

0.020 

0 

0.025 

0.015 

0 

0.210 

0.  430 

JJB 

0 

0.  Hi 

o.  ns 

0.445 

0.  000 

1.240 

-t.oco 

1,060 

0.060 

0.445 

0  035 

(.055 

0.443 

C.  593 

1.  It* 

«,  4ib 

U  lit 

U.UJU 

O  44  > 

O.  ifft 

1/.  UftV 

O.  14) 

U.  *40 

0 

0.  1  Xi 

0. 1C3 

0 

0.073 

0.  185 

0 

11.070 

0.020 

mm 

0.025 

0.029 

0 

0.205 

0.  333 

33C 

0 

0.  140 

0.  130 

0.445 

0.095 

3.245 

-1.000 

4.040 

0.445 

0.090 

(.033 

0.445 

C.  583 

X.  140 

a  443 

0.  115 

0.0411 

0.  443 

0.193 

0.070 

O. 143 

0.  240 

KSZ1 

0 

0.  1*0 

0.  *40 

9 

0.070 

0.  110 

0 

0.033 

0.020 

E5 

0  025 

0.020 

0 

0.  193 

0.  300 

HD 

0 

C.  HO 

0. 125 

0.445 

0.095 

3.240 

-1.002 

*.040 

0.000 

0.445 

0.005 

(.055 

0.  445 

C.713 

2.0*0 

0.  445 

0.  115 

0.0*0 

0.  443 

0.103 

o.oso 

0.  145 

0.  *30 

0 

0.  It) 

0.133 

9 

0.015 

0.  113 

0 

0.000 

0.020 

n 

0.020 

0 

0.  105 

0.309 

22K 

0 

0.  Hi 

0.  1*5 

0.445 

0.000 

3.240 

-1.002 

1.040 

0.005 

0.445 

0  035 

(.035 

... 

... 

... 

0.445 

0.  US 

0.0)0 

0.  443 

0.195 

0.073 

0  145 

0.  223 

wm 

0 

0.  110 

0.  IDS 

0 

0.010 

0.0*3 

0 

0.070 

0.020 

0 

0.040 

0.020 

0 

0.050 

0.330 

0 

0  100 

0.  Ill 

0  4  48 

0.095 

3.245 

-1.000 

1.045 

0.070 

0.445 

0  050 

(.095 

0.443 

(.420 

1.0*5 

a  445 

0.  090 

0.030 

0.  443 

0.130 

0.063 

0.  145 

0  225 

0.  2*0 

0 

0.010 

0,  *43 

0 

0.083 

0.  1)5 

0 

0.090 

0.025 

0 

0. 030 

0.020 

0 

0.203 

0.400 

Note*  1. 
3. 
3. 

4 


All  vilve  signal  llmee  lie  referenced  to  Iq. 

Valve  delay  time  la  lha  time  required  for  Initial  valve  movanuint  after  lha  vave  "often-*  or  ralv;  “closed-*  eotenotl  haa  been  Miergltcd. 
rinal  aequence  check  It  conducted  •lthou;  propellant!  aad  within  13  hr  liefora  tcetlng. 

Data  reduced  from  oecllogram. 
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TABLE  VIII 

ENGINE  PERFORMANCE  SUMMARY 


Firing  Number  J4-1801- 

2lA 

22A 

Site 

Normalized 

Site 

Normalized 

Overall 

Engine 

Performance 

Thrust,  lbf 

Chamber  Pressure,  psia 

Mixture  Ratio 

Fuel  Weight  Flow,  lbm/sec 
Oxidizer  Weight  Flow,  lbm/sec 
Total  Weight  Flow,  lbm/sec 

246,  602 
822 
5.373 

88.  75 
476. 88 
565.64 

244,516 

812 

5.407 

87.  28 
471.93 

559.  21 

237,  647 
795 

5.  418 
85.59 
463.74 
549. 33 

236,  097 

787 

5.411 

84.  78 

458.  78 
543.56 

Thrust 

Mixture  Ratio 

5.571 

5.610 

5.618 

5.613 

Chamber 

Total  Weight  Flow,  lbm/sec 

558.  17 

551.  80 

542.  21 

536.  49 

Performance 

Characteristic  Velocity,  ft/sec 

8062.  8 

8050.9 

8027.6 

8028.  3 

Pump  Efficiency,  percent 

73.5 

73.5 

73.9 

73.9 

Fuel 

Pump  Speed,  rpm 

28,  237 

28,016 

27,  481 

27,  320 

Turbopump 

Turbine  Efficiency,  percent 

64.  1 

63.9 

63.4 

63.  3 

Performance 

Turbine  Pressure  Ratio 

7.25 

7.25 

7.  25 

7.  25 

Turbine  Inlet  Temperature,  *F 

1233 

1220 

1209 

1191 

Turbine  Weight  Flow,  lbm/sec 

7.  47 

7.41 

7.  11 

7.  07 

■  Pump  Efficiency,  percent 

80.4 

80.  4 

80.  4 

80.4 

Oxidizer 

Pump  Speed,  rpm 

8899 

8843 

8664 

8611 

T  urbopump 

Turbine  Efficiency,  percent 

49.  8 

49.  7 

49.0 

48.9 

Performance 

Turbine  Pressure  Ratio 

2.  65 

2.65 

2.  66 

2.  66 

Turbine  Inlet  Temperature,  "F 

793 

784 

776 

763 

Turbine  Weight  Flow,  lbm/sec 

6.  62' 

6.57 

6.  30 

6.  27 

Gas 

Mixture  Ratio 

0.  959 

0.952 

0.945 

0.  934 

Performance 

Chamber  Pressure,  psia 

727 

719 

690 

683 

Notes:  1.  Site  data  are  calculated  from  test  data. 

2.  Normalized  data  are  corrected  to  standard  pump  inlet  and  engine 
ambient  pressure  conditions. 

3.  Input  data  are  test  data  averaged  from  29  to  30  sec. 

4.  Site  and  normalized  data  were  computed  using  the  Rockctdyne  PAST  640  modification 
zero  computer  program. 
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APPENDIX  III 
INSTRUMENTATION 


The  instrumentation  for  AEDC  Test  J4- 1801-21  and  22  is  tabulated 
in  Table  III -I.  The  location  of  selected  major  engine  instrumentation  is 
shown  in  Fig.  Ill  - 1 . 
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TABLE  111-1 

LIST  OF  ENGINE  INSTRUMENTATION 


AEDC 

Code 

Parameter 

Tap 

No. 

Range 

MZcj  o- 
Sf  D1C 

Magnetic 

Tape 

Oscillo¬ 

graph 

Stup  X-Y 

Chart  Plotter 

Cjrror.t 

amo 

ICC 

Control 

0  to  30 

x 

X 

lie 

Ignition 

0  to  30 

X 

X 

Event 

EECL 

Engine  Cj;aff  Lockin 

OalO;i 

X 

X 

EECO 

Engine  Cutoff  Signal 

On  /Off 

X 

X 

X 

EES 

Engine  Start  Command 

On /Off 

X 

X 

EFBVC 

Fuel  Bleed  Valve  Closed  Limit 

Open^Closed 

X 

EFJT 

Fue«.  Injector  Tcmperatjre 

On /Off 

X 

X 

EFPVC/O 

Fuel  Prcvalvc  Closed/Open  Limit 

CLos  ed/Open 

X 

X 

EHCS 

Helium  Control  Solenoid 

On /Off 

X 

X 

E1D 

Ignition  Detected 

Or. /Off 

X 

X 

El  PCS  r 

Ignition  Phase  Control  Solenoid 

On /Off 

X 

X 

EMCS  '  *■ 

Main -Stage  Control  Solenoid 

On /Off 

X 

X 

EMP-1U' 

Main-Stage  Pressure  No.  1 

On /Off 

X 

X 

BMP- 2 

Main -Stage  Pressure  No.  2 

On  /Off 

X 

X 

EOBVC 

Oxidizer  Bleed  Valve  Closed  Limit 

Open/Cloaed 

X 

EOPVC 

Oxidizer  Prcvalvc  Closed  Limit 

Closed 

X 

X 

EOPVO 

Oxidizer  Prcvalvc  Open  Limit 

Open 

X 

X 

ESTDCS 

Stan  Tank  Discharge  Control 
Solenoid 

on/orr 

X 

X 

X 

Sparka 

RASIS-1 

Augmented  Spar*  Igniter  Spark 

No.  1 

on/orr 

X 

RASIS-2 

Augmented  Spark  Igniter  Spark 

No.  2 

X 

RGGS-l 

Gas  Generator  Spark  No.  1 

0n/0:7 

X 

RGGS-2 

Gas  Generator  Spark  No.  2 

On/Ofr 

X 

Flows 

SEE1. 

QF-1A 

Fuel 

PFF 

o  to  booo 

X 

X 

QF-2 

Fuel 

PFFA 

o  to  aooo 

X 

X 

X 

QFRP 

Fuel  Recirculation 

0  to  160 

X 

QO-1A 

Oxidizer 

POF 

0  to  3000 

X 

X 

QO-2 

Oxidizer 

POFA 

0  to  3000 

X 

X 

X 

QORP 

Oxidizer  Recirculation 

0  to  SO 

X 

X 

Poaition 

Percent  Open 

LFVT 

Main  Fuel  Valve 

0  to  100 

X 

X 

LGGVT 

Gaa  Generator  Valve 

0  to  100 

X 

X 

LOTBVT 

Oxidizer  Turbine  Bypaaa  Valve 

0  to  100 

X 

X 

LOVT 

Main  Oxidizer  Valve 

0  to  100 

X 

X 

X 

LPUTOP 

Propellant  Utilization  Valve 

0  to  100 

X 

X 

X 

LSTDVT 

Start  Tank  Dlacharge  Valve 

0  ta  100 

X 

X 
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TABLE  1 1 1.1  (Continued). 


AEDC 

Code 

Parameter 

Tap 

No 

Range 

Micro- 

SAD1C 

Magnetic 

Tape 

Oscillo-  Strip 
graph  Chart 

X-Y 

Plotter 

Pressure 

ps:a 

PA  1 

Test  Cell 

0  to  0.5 

X 

X 

PA  2 

Test  Cell 

0  to  1.0 

X 

X 

PA  3 

Test  Cell 

0  to  5.0 

X 

X 

PC-1P 

Tnrust  Cnamber 

CGI 

0  to  1 330 

X 

X 

PC- 3 

Thrust  Chamber 

CGI  A 

0  to  1000 

X 

X 

X 

PCGG-2 

Gas  Generator  Chamber 

GGlA 

0  to  1000 

X 

PKASIJ 

Ajgxr.cnted  Spark  Igniter  Tucl 

Inj  ecticn 

0  to  1003 

X 

PEJ-1A 

Main  Fuel  Injection 

CF2 

0  to  1000 

X 

X 

PFJ-2 

Main  Fuel  Injection 

CT2A 

0  to  1000 

X 

X 

PFJGG-lA 

Gab  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

P7JGG-2 

Gas  Generator  Fuel  Injection 

GT4 

o  to  :ooo 

X 

X 

PFM1 

Fuel  Jacket  Inlet  Manifold 

CF1 

0  to  2000 

X 

PFOl-lA 

Fuel  Tapoff  Orifice  Outlet 

HF2 

0  to  1000 

X 

PFPC-1A 

F jbI  Pjrap  Balance  Pisten  Cavity 

PF5 

0  to  1000 

X 

PFPD-1P 

Fuel  Pump  Discharge 

PF3 

0  to  1500 

X 

PFPD-2 

Fuel  Pump  Discharge 

PF2 

0  to  1500 

X 

X 

X 

PFP1-1 

Fuel  Punr.p  ln.et 

0  to  100 

X 

X 

PFPT-2 

Fuel  Pump  Inlet 

D  to  200 

X 

X 

PFPI-3 

Fuel  Pump  Inlet 

0  to  200 

X 

X 

PFPS-1P 

Fuel  Pump  Interstage 

PF6 

0  to  200 

X 

PFRPO 

Fuel  Recirculation  Pump  Outlet 

0  to  60 

X 

PFRPR 

Fuel  Retire u.ation  Pump  Return 

0  to  50 

X 

PRST-1P 

Fuel  Start  Tank 

TF1 

0  to  1500 

X 

X 

PFST-2 

Fuel  Start  Tank 

TF1 

0  to  1500 

X 

X 

FFUT 

Fuel  Tink  Ullage 

0  to  103 

X 

PKV1 

Fuel  Tank  Reprcssui  ization  Line 
Nozzle  InLct 

0  to  1000 

X 

- 

PFVL 

Fuel  Tank  Repress jnzation  Line 
Nozzle  Throat 

0  to  1000 

X 

PHECMO 

Pneumatic  Conti  ol  Module  Outlet 

0  to  750 

X 

PIIHOP 

Oxidizer  Recirculation  Pump 
Purge 

0  to  150 

X 

PHZT-lP 

Helium  Tank 

XXI 

0  to  3530 

X 

X 

PHF.T-2 

Helium  Tank 

XXI 

0  to  3*500 

X 

X 

PHRO-1A 

Helium  Regulator  Outlet 

NN2 

0  to  750 

X 

X 

POB5C 

Oxicizci  Bootstrap  Conditioning 

0  to  50 

X 

PCBV 

GaS  Generator  Oxiatzei  Glccc 
Valve 

G02 

0  to  2000 

X 

• 

PO.I-1A 

Main  Oxidizer  Injection 

ccm 

0  to  1000 

X 

POJ-2 

Main  Oxidizer  Infection 

CO  3  A 

0  to  1000 

X 

X 

POJGG-1A 

Gas  Generator  Oxidizer  Injection 

G05 

0  tO  I'luv 

X 

X 
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TABLE  111*1  {Continued) 


AEDC 

Tap 

Micro- 

Magnetic.  Os  l  ilia- 

Sti  i|> 

X-Y 

Code 

Parameter 

No. 

Rsngc 

SAD1C 

Tape  graph 

Chart 

I’loltut 

Pressure 


POJGG-2 

Gss  Generator  Oxidizer  Injection 

GOS 

0  to  1000 

X 

POPBC-1A 

Oxiclzer  Pump  Beirmg  Coolant 

P07 

0  to  500 

X 

POPD-1P 

Oxidizer  Pump  Dischsrge 

P03 

0  to  1500 

X 

POPD-2 

Oxidizer  Pump  Dischsrge 

P02 

0  to  1500 

X 

POP1-1 

Oxidizer  Pump  Inlet 

0  to  100 

X 

POPI-2 

Oxidizer  Pump  Inlet 

0  to  200 

X 

POP1-3 

Oxidizer  Pump  Inlet 

0  to  100 

POPSC-1A 

Oxidizer  Pump  Primary  Seal 
Cavity 

P06 

0  to  50 

X 

PORPO 

Oxidizer  Recirculation  Pump 
Outlet 

0  to  115 

X 

PORPR 

Oxidizer  Recirculation  Pump 
Return 

0  to  100 

X 

POTl-  1A 

Oxidizer  Turbine  Inlet 

TG3 

0  to  200 

X 

POTO-1A 

Oxidizer  Turbine  Outlet 

TG4 

0  to  100 

X 

POUT 

Oxidizer  TBnk  Ullage 

0  to  100 

X 

POVCC 

Mam  Oxidizer  Valve  Closing 
Control 

0  to  500 

X 

POV1 

Oxidizer  Tank  Repressurization 
Line  Nozzle  Inlet 

0  to  1000 

X 

POVL 

Oxidizer  Tank  Re  pressurization 
Line  Nozzle  Throat 

0  to  1000 

X 

PPUVI-1A 

Propellant  Utilization  Valve  Inlet 

P08 

0  to  1000 

X 

PPUVO-1A 

Propellant  Utilization  Vslve 

Outlet 

P09 

0  to  500 

X 

PTCFJP 

Thrust  Chamber  Fuel  Jacket 
Purge 

0  to  100 

X 

PTPP 

Tjroopump  and  GaB  Generator 
Purge 

0  :o  250 

X 

Speeds 

rpm 

NFP-1P 

Fuel  Pump 

PFV 

0  to  30.  000 

X 

NFRP 

Fuel  Recirculation  Pump 

0  to  15,  000 

X 

NOP- IP 

Oxidizer  Pump 

POV 

0  to  12.  000 

X 

NORP 

Oxidizer  RecirculBtion  Pump 

0  to  15.  000 

X 

Temperatures 

*F 

TA1 

Test  Cell  (Ncrth) 

-50  to  -300 

X 

TA2 

Test  Cell  (East) 

-50  to  +800 

X 

TA3 

Test  Cell  (South) 

-50  to  +800 

X 

TA4 

Test  Cell  (West) 

-50  to  +800 

X 

TAIP-1A 

Auxiliary  Instrument  Package 

-300  to  +200 

X 

TBHR-1 

Helium  Regulator  Body  (North 
Side) 

-100  to  +50 

X 

TCLC 

Main  Oxidizer  Valve  Closing 
Control  Line  Conditioning 

-325  to  +200 

X 
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TABLE  lll-l  (Continued) 


AEDC 

Cade 

Parameter 

‘I  ap 

No. 

Range 

Micro - 
SAD1C 

Magnetic 

Tape 

Oscillo¬ 

graph 

Strip 

Chart 

X-Y 

Plotter 

Temperatures 

•  tr 

TECF-1? 

J5.cc.tr leal  Cantrcls  Package 

NST1A 

-300  to  -2C0 

X 

X 

TFASU 

Augmented  Spark  Igniter  Fuel 
Injection 

1FTI 

-425  to  *100 

X 

X 

TFHV-1A 

Fuel  Bleed  Valve 

GFT1 

-425  to  -375 

X 

TFJ-1P 

Mam  Fuel  Injection 

CFT2 

-425  to  +250 

X 

X 

X 

1  FPD-  IP 

Fuel  Pump  Discharge 

PFT1 

-425  to  -400 

X 

X 

X 

rrPD-2 

Fuel  Pump  Discharge 

PFT1 

-425  to  -400 

X 

Tt'PDD 

FueL  Pjrr.p  Discharge  Duct 

-320  to  +300 

X 

rppi-i 

F  jlI  ?4inp  Inlet 

-425  to  -400 

X 

X 

rt’Pi-2 

Fuel  Pump  Inlet 

-425  to  -400 

X 

X 

TFKPO 

Fuel  Recirculation  Pump  Outlet 

-425  to  -410 

X 

ITRPli 

Fuel  Recirculation  Pump 

Return  Line 

-425  to  -250 

X 

TFRT-1 

Fuel  T  ank 

-425  to  -410 

X 

TFRT-2 

Fuel  Tank 

-425  to  -410 

X 

TI'ST  -  IP 

Fuel  Start  Tank 

TFT1 

-350  to  +100 

X 

Trsr-2 

Fuel  Start  Ton* 

TTT1 

-350  to  +  iOO 

X 

X 

TP  I'D-* 

Fuel  Turbine  Discharge  Duct 

-200  to  +800 

X 

TFTD-2 

Fuel  Turbir.e  Discharge  Duct 

-200  to  +1000 

X 

X 

TFTD-3 

Fuel  Turbine  Discharge  Duct 

-200  to  tIOOO 

X 

X 

TFTD-3R 

Fuel  Turbine  Discharge  Line 

-200  to  +900 

X 

TFTD-4 

Fuel  Turbine  Discharge  Duct 

-200  to  +1000 

X 

TPTD-4R 

Fjel  Turbine  Discharge  Line 

-200  to  *900 

X 

TFTD-3 

Fuel  Tuibir.c  Discharge  Duct 

-200  to  +1400 

X 

TF7D-* 

Fuel  Turbine  Discharge  Duct 

-200  :o  +1400 

X 

TFTD-7 

Fuel  Turbine  Discharge  Duet 

-200  la  +1400 

X 

TFTD-8 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

X 

TFTI-1P 

Fuel  Turbine  Inlet 

TFT1 

0  to  1800 

X 

X 

TFTO 

Fuel  Turbine  Outlet 

TFT2 

0  to  1800 

X 

TGGO-1A 

Gas  Generator  Outlet 

GGT1 

0  to  1800 

X 

X 

X 

T1IET-1P 

Helium  Tank 

NNTI 

-350  to  +100 

X 

X 

TMOVC 

Mam  Oxidizer  Valve  Actuator 
Conditioning 

-325  ta  +200 

X 

TOB3-1 

Oxicizer  Bo  at  strep  Line 

-300  ta  +250 

X 

TOBS-2 

Oxidizer  Bootstrap  Line 

-300  to  +  250 

X 

TOBS-2A 

Oxidizer  Bootstrap  Line 

-300  to  +250 

X 

TQBS-2B 

Oxidizer  Bootstrap  Line 

-300  to  +250 

X 

TOBS-3 

Oxidizer  Bootstrap  Line 

-300  to  ■»  250 

X 

TOBS-4 

Oxidizer  Bootstrap  Line 

-300  to  -250 

X 

T0BV-1A 

Oxidizer  Bleed  Valve 

GOT  2 

-300  to  -250 

X 
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TABLE  lll-l  (Continued) 

AEDC 

Tap 

Miero- 

Magnet  li. 

CJ'if  llto-  Ml  Ip 

\-\ 

Code 

Parameter 

No. 

Ranee 

SAD1C 

Tape 

Cliurt 

P.olU  . 

•  ■ 

•  Temperatures 

*F 

TOPJ3-1A 

Oxlalzer  Pump  Bearing  Cooidnt 

POT  4 

-300  to  -250 

X 

TOPD-1P 

Oxidizer  Pump  Diacharge 

POT  3 

-300  to  -250 

X 

X 

X  X 

TOPD-2 

Oxidizer  Pump  Discharge 

POT  3 

-300  to  -250 

X 

TOPI-1 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

\ 

TOPI -2 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

X 

TORPO 

Oxicizcr  Recirculation  Pump 
Outlet 

-300  to  -250 

X 

TORPR 

Oxiclzer  Recirculation  Pump 
Return 

-300  to  -140 

X 

TORT-1 

Oxidizer  Tank 

-300  to  -287 

X 

TORT -3 

Oxidizer  T  ank 

-300  to  -287 

X 

TOT1-1P 

Oxidizer  Turbine  Inlet 

TGT3 

0  to  1200 

X 

X 

TOTO-1P 

Oxidizer  Turbine  Outlet 

TGT4 

0  to  1000 

X 

TOVL 

Oxidizer  Tanx  Repressurization 
Line  Nozzle  Throat 

-.>00  to  4  100 

X 

TPIP-1P 

Primary  instrument  Package 

-300  *.o  4  200 

X 

TPPC 

Pneumatie  Package  Conditioning 

-325  to  +200 

X 

TSC2-1 

Thrust  Chamoer  Skin 

-300  to  4  500 

X 

TSC2-2 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-3 

Thrust  Chamber  Skin 

-300  to  -t  500 

X 

TSC2-4 

Thrust  Chamber  Skin 

-300  to  -500 

X 

TSC2-5 

Thrust  Chamber  Skir. 

-350  to  -5CD 

X 

TSC2-6 

T.nrust  Clamber  Skir. 

-3 DO  to  +500 

X 

TSC2-7 

fnrust  Cnambcr  Skin 

-:>oo  to  +  300 

X 

TSC2-8 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-9 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-10 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-11 

Thrust  Chamber  Skin 

-300  to  t-500 

X 

TSC2-12 

Thruat  Chamber  Skin 

-300  to  +500 

X 

TSC2-13 

Thrus:  Chamber  Skin 

-300  TO  -500 

X 

X 

TSC2-14 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-15 

Thruat  Chamber  Skin 

-300  to  +500 

X 

TSC2-16 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-17 

Thruat  Chamber  Skin 

-300  to  +500 

X 

TSC2-18 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-19 

Tnruat  Chamber  Skin 

-300  to  +500 

X 

TSC2-20 

Thrust  Chamber  Skin 

-300  tc  -.500 

X 

TSC2-21 

ThrLSt  Chamber  Skin 

■303  to  -503 

X 

TSC2-22 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-23 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-24 

Thrust  Chsmber  Skin 

-300  to  +500 

X 

TSOVAL-1 

Oxidizer  Valve  Closing  Control 
Line 

-200  to  +100 

X 
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TABLE  lil-1  (Concluded) 


AEDC 

Codt; 

Parameter 

Tap 

No. 

Range 

Micro- 

SAD1C 

Magnetic 

Tape 

Osuilto-  Strip  X-Y 

graph  Chart  Plotter 

Temperatures 

*F 

TSOVAL-2 

Oxidizer  Valve  Closing  Control 
Line 

-200  to  rlOO 

X 

X 

TSOVC  -  i 

Oxidizer  Valve  Actuator  Cap 

-325  to  +'.50 

X 

TSOVC -2 

Oxidize  r  Valve  Actuator  Fitter 
Flange 

-325  to  4  150 

X 

TSTC 

Start  Tank  Conditioning 

-350  to  -» 150 

X 

TSTOVCC 

Start  Tank  Discharge  Valve 
Closing  Control  Port 

-350  to  *100 

X 

TSTDVOC 

Star:  Tank  Discharge  Valve 
Opening  Contrcl  Port 

-350  to  4  100 

X 

t  ie-:i 

Thrust  Chamber  Jacket 
i  Control) 

CS1 

-425  to  -500 

X 

X 

rrcEP-i 

Thrust  Cnambcr  Lxu 

-425  to  -500 

X 

TXOC 

Crossover  Duct  Conditioning 

-325  to  t 20 0 

X 

Vibrations 

JL 

UI'PH 

Fuel  Pump  Kad.al  90  deg 

±200 

X 

CO  Plt 

Oxidize:  Pump  KaCta.  00  deg 

±200 

X 

LTCD-: 

r.irust  CharnJL.'  Dome 

±500 

X 

X 

bl CD-2 

T.nrust  Chamber  Dome 

±500 

X 

X 

UTCD- 3 

Thrust  Chamber  Dome 

±500 

X 

X 

UIVSC 

No.  1  Vibration  Safety  Counts 

on/orr 

X 

U2VSC 

No.  2  Vibration  Safely  Counts 

On /Off 

X 

Voltage 

Volts 

VCB 

Control  Rjs 

0  to  36 

X 

X 

VI B 

Ignition  Bj3 

0  *.0  3G 

X 

X 

VIDA 

Ignition  Detect  Amplifier 

9  to  16 

X 

X 

VPUTEP 

Propellant  Utilization  Valve 
Excitation 

0  to  5 

X 
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a.  Engine  Pressure  Tap  Locations 
Fig.  Ill-l  Instrumentation  Locations 
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c.  Main  Oxidizer  Valve 
Fig.  1 1 1-1  Continued 
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Four-Way  Valve 


d.  Start  Tank  Discharge  Valve 
Fig.  MI-1  Continued 
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121 


High  Pressure 


Helium 


Ground  Vent 


Low  Pressure  Relief 


Liquid 

Deflector 

Assembly 


Control 

Regulator 


Relief 


Ignition 

Control 


Inlet 


TBHR-1 


Control 


Main-Stage  Control 


Bleed  Regulator 


Helium  Control 


Top  View 


e.  Helium  Regulator 
Fig.  Ill-l  Continued 
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g.  Oxidizer  Bootstrap  Line 
Fig.  IIM  Concluded 
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APPENDIX  IV 

METHODS  OF  CALCULATIONS  (PERFORMANCE  PROGRAM) 


TABLE  IV-1 

PERFORMANCE  PROGRAM  DATA  INPUTS 


Item 

No. 

Parameter 

1 

Thrust  Chamber  (Injector  Face)  Pressure,  psia 

2 

Thrust  Chamber  Fuel  and  Oxidizer  Injection  Pressures, 
psia 

3 

Thrust  Chamber  Fuel  Injection  Temperature,  °F 

4 

Fuel  and  Oxidizer  Flowmeter  Speeds,  Hz 

5 

Fuel  and  Oxidizer  Engine  Inlet  Pressures,  psia 

6 

Fuel  and  Oxidizer  Pump  Discharge  Pressures,  psia 

7 

Fuel  and  Oxidizer  Engine  Inlet  Temperatures,  °F 

8 

Fuel  and  Oxidizer  (Main  Valves)  Temperatures,  °F 

9 

Propellant  Utilization  Valve  Center  Tap  Voltage,  volts 

10 

Propellant  Utilization  Valve  Position,  volts 

11 

Fuel  and  Oxidizer  Pump  Speeds,  rpm 

12 

Gas  Generator  Chamber  Pressure,  psia 

13 

Gas  Generator  (Bootstrap  Line  at  Bleed  Valve) 
Temperature,  °F 

14 

Fuel*  and  Oxidizer  Turbine  Inlet  Pressure,  psia 

15 

Oxidizer  Turbine  Discharge  Pressure,  psia 

16 

Fuel  and  Oxidizer  Turbine  Inlet  Temperature,  °F 

17 

Oxidizer  Turbine  Discharge  Temperature,  °F 

*At  AEDC,  fuel  turbine  inlet  pressure  is  calculated  from 
gas  generator  chamber  pressure. 
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NOMENCLATURE 


A 

B 

C* 

Cp 

D 

H 

h 

M 

N 

P 

Q 

R 

r 

T 

TC* 

W 

z 

0 

7 

n 

e 

p 


Area,  in.2 

Horsepower,  hp 

Characteristic  velocity,  ft'/ sec 

Specific  heat  at  constant  pressure,  Btu/lb/°F 

Diameter,  in. 

Head,  ft 

Enthalpy,  Btu/lbm 
Molecular  weight 
Speed,  rpm 
Pressure,  psia 
Flow  rate,  gpm 
Resistance,  sec2/ft2-in.2 
Mixture  ratio 
Temperature,  °F 

Theoretical  characteristic  velocity,  ft /sec 
Weight  flow,  lb /sec 
Pressure  drop,  psi 
Ratio 

Ratio  of  specific  heats 

Efficiency 

Degrees 

Density,  lb/ft2 


SUBSCRIPTS 

A  Ambient 

AA  Ambient  at  thrust  chamber  exit 

B  Bypass  nozzle 
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BIR 

Bypass  nozzle  inlet  (Rankine) 

BNI 

Bypass  nozzle  inlet  (total) 

C 

Thrust  chamber 

CF 

Thrust  chamber,  fuel 

CO 

Thrust  chamber,  oxidizer 

CV 

Thrust  chamber,  vacuum 

E 

Engine 

EF 

Engine  fuel 

EM 

Engine  measured 

EO 

Engine  oxidizer 

EV 

Engine,  vacuum 

e 

Exit 

em 

Exit  measured 

F 

Thrust 

FIT 

Fuel  turbine  inlet 

FM 

Fuel  measured 

FY 

Thrust,  vacuum 

f 

Fuel 

G 

Gas  generator 

GF 

Gas  generator  fuel 

GO 

Gas  generator  oxidizer 

HI 

Hot  gas  duct  No.  1 

H1R 

Hot  gas  duct  No.  1  (Rankine) 

H2R 

Hot  gas  duct  No.  2  (Rankine) 

IF 

Inlet  fuel 

10' 

Inlet  oxidizer 

ITF 

Isentropic  turbine  fuel 

ITO 

Isentropic  turbine  oxidizer 

N 

Nozzle 

NB 

Bypass  nozzle  (throat) 
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NV 

O 

OC 

OF 

OFIS 

OM 

OO 

PF 

PO 

PUVO 

RNC 

SC 

SCV 

SE 

SEV 

T 

To 

TEF 

TEFS 

TF 

TIF 

TIFM 

TIFS 

TIO 

t 

V 

v 

XF 

XO 


Nozzle,  vacuurp 
Oxidizer 

Oxidizer  pump  calculated 

Outlet  fuel  pump 

Outlet  fuel  pump  isentropic 

Oxidizer  measured 

Oxidizer  outlet 

Pump  fuel 

Pump  oxidizer 

Propellant  utilization  valve  oxidizer 
Ratio  bypass  nozzle,  critical 
Specific,  thrust  chamber 
Specific  thrust  chamber,  vacuum 
Specific,  engine 
Specific,  engine  vacuum 
Total 

Turbine  oxidizer 
Turbine  exit  fuel 
Turbine  exit  fuel  (static) 

Fuel  turbine 

Turbine  inlet  fuel  (total) 

Turbine  inlet,  fuel,  measured 

Turbine  inlet  fuel  isentropic 

Turbine  inlet  oxidizer 

Throat 

Vacuum 

Valve 

Fuel  tank  repressurant 
Oxidizer  tank  repressurant 
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PERFORMANCE  PROGRAM  EQUATIONS 


MIXTURE  RATIO 

Engine 


rE 


ffEO 

WEF 


WeO  =  WoM  -  Wxo 
WeF  =  WpM  “  WXF 
We  =  Weo  +  Wef 


Thrust  Chamber 


rC  = 

®CF 

W'co  =  Wom  “  Wxo  -  Wgo 
Wcf  =  Wfm  -  Wxf  ~  Wgf 

W'xO  •=  0.9  lb/sec 
WxF  =  lb/sec 

Wgo  =  wT  -  Wqf 


wT  =  PTIF  ATIF  K7 

tc*tif 

K7  =  32.174 

Wc  =  Wco  +  Wcf 


CHARACTERISTIC  VELOCITY 

Thrust  Chamber 


C*  -  ^ 


K7  =  32.174 
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DEVELOPED  PUMP  HEAD 

Flows  are  normalized  by  using  the  following  inlet  pressures,  tem¬ 
peratures,  and  densities. 

PlO  =  39  psia 
PlF  =  30  psia 
pl0  =  70.79  lb/ft1 
pIF  =  4.40  lb/ft3 

Tio  -295.212  °F 
Tif  =  -422.547  °F 

Oxidizer 

H°  = K*  -  £r) 

K4  =  144 

p  =  National  Bureau  of  Standards  Values  f  (P,T) 

Fuel 

Hf  =  778.16  AhoFIS 
AhoFIS  =  hOFIS  -  hlF 
hoFIS  =  f(P.T) 
hlF  =  f(P,T)  ■ 


PUMP  EFFICIENCIES 

,'l 

Fuel,  Isentropic 

hoFIS  -  h|F 
hoF  ~  hlF 

Kof  =  KPof»  Top) 

Oxidizer,  Isentropic 
’to  =  ^oc 

»OC  -  *40  K=0  (^y  K60 

K40  =  5.0526 
K50  =  3.8611 
K6q  =  0.0733 
Y0  =  1.000 
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TURBINES 


Oxidizer,  Efficiency 


Bto 

’Jto  Bito 


Bto  =  k5 


Wpp  Hq 
Vo 


Ks  =  0.001818 
Wpo  =  Wom  +  WpuvO 
WpuVO 


Zpuyo 

v  Rv 


POO 


Zpuvo  =  A  +  B  (Poo) 

A  =  -1597 
B  =  2.3818 

IF  POO  >  1010  Set  POO  =  1010 
In  Rv  =  A.  +  B,  (0puvo)  +  C  (<?PUVO)3  +  D,  (e) 


0PU 


VO 


e 


PUVO 


+  Eg  (0puvo)  (e) 

A3  =  5.5659  x  10-1 

B3  =  1.4997  x  10“2 

C3  =  7.9413  x  10~6 

D3  =  1.2343 

E3  =  -7.2554  x  1(T2 
Fg  =  5.0691  x  10"2 


+  F, 


e 


(e) 


PUVO 

7 


Fuel,  Efficiency 


Vtf  - 


btf 

Bitf 


Bitf  =  Kio  Ahf  W't 

Ah{  =  hTIF  -  I>TEF 

Btf  -  Bpf  -  Ks 

Wpf  =  WFM 


Kjq  =  1.4148 
Ks  =  0.001818 


130 


A  EDC-TR-68-81 


Oxidizer,  Developed  Horsepower 

Bto  =  Bpo  -r  K56 

Bpo  -  k5 
K56  =  -IS 


Vo 


Fuel,  Developed  Horsepower 
Btf  =  Bpf 
Bpp  .  K,  Wprn  “< 

'f 

Wpf  =  Wfm 

Fuel,  Weight  Flow 

Wtf  =  Wt 

Oxidizer  Weight  Flow 

Wto  =  ff t  -  Wb 


— 2-T] 

r. 

r  yH2.-i -1 

2K7  yH'2  /H2  1 

vh2  . 

WB  = 

'  — — —  (Prnc)  1 

l  -  (Prnc)  / 

>H2-i  :  J 

anb  Pbni 

J  (Rh2Tbih),J< 


pRNC 

/3nb 

yH2-  M1I2 
Anb 

Kj.3 

Tbir 

Pbni 

Ptefs 


f  Q3_nb.  yH2) 

'  DnB 
Db 

KTH2R.  rG> 

K13  dnb 

0.7854 

Ttio  +  460 

Ptefs 

Iteration  of  PteF 


Ptef  =  Ptefs 


/ — 

\  PTEFS  J 


y  H; 


TH2R 


D* 


TEF  mH2 


■yH2-l 

yu? 


>'112-1 


K.  =  38.8983 
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GAS  GENERATOR 

Mixture  Ratio 

rG  =  Dj  (TUi)3  *  C,  (Thi)2  +  B^Thi)  +  Ai 

Aj  .  0.2575  . 

Bj  =  5.586  x  10 
Cj  =  -5.332  x  ltr9 
Dj  =  1.1312  x  10-11 

Thi  =  Ttifm 

Flows 

TC*tiF  =  D2(Thi)3  +  C2(Thi)2  +  B2  (Thi)  +  A2 
A  2  =  4.4226  X  103 
B2  =  3.2267 
C2  =  -1.3790  x  lO"3 
D2  =  2.6212  x  10"7 

Vhi 
Vhi-i 


K8  =  38.8983 

Note:  Ptif  is  determined  by  iteration. 

Thir  =  Tjif 

Mhi,  Vhi.  Cp>  rm  =  f  (Thir,  tg) 


Ptif  =  Ptifs 


TH1R 


- 1 


D4tif  MHi  yH] 
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